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Simply Rapid Identification of Kernel Hardness using a Hand-operated Grinder in Wheat
Breeding. : Ryo YOSHIKAWA＊１）, Kazuhiro NAKAMURA＊２）, Miwako ITO＊１）and Koichi HATTA＊３）
Abstract : A simply rapid identification of wheat kernel hardness using a hand-operated grinder
known as Grain Crusher was examined. When 2g of grains from nonwaxy and waxy varieties of wheat
having different kernel hardnesses were crushed with the hand-operated grinder, there were clear
differences in the size and the cross section color of the fragments of crushed grains. In the soft grains,
there were many large fragments with white cross sections. On the other hand, there were many
medium-size fragments with amber（light brown）cross sections in the hard grains. Moreover, fragments
of various sizes were mixed in the grains segregated kernel hardness, and the cross sections of the
fragments were mixed white and amber. The judgment value of kernel hardness（JVKH）of the same
cultivar and line were extremely consistent throughout the different production sites and crop years.
In the breeding lines of nonwaxy wheat, the percent of fitness between the JVKH and the kernel hardness
judgment value classified by the flour specific surface area was 87.5～100%. When the kernel hardness
judgment standard of the specific surface area was the same in both nonwaxy wheats and waxy
wheats, the percent of fitness in waxy wheats was 38.9～100%, and the differences among the materials
were large. On the other hand, the percent of fitness was improved to 71.3～100% when the kernel
hardness judgment standard by the specific surface area in waxy wheats was changed. 
Key Words : Wheat, Breeding, Kernel hardness, Hand-operated grinder, Nonwaxy, Waxy, Specific
surface area, Simply rapid test 
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の分類（Oda et al.  1992）や、ピュロインドリン遺
伝子型による硬質小麦の分類（Ikeda et al.  2005）
の報告もある。
また、海外では、古くはPearling testにおける原粒
搗精目減り率（Wheat pearled off）（Taylor et al.  1939、
McCluggage  1943）および搗精抵抗（Chesterfield
1971）、Grinding test による検定値（Orth  1977）、
Brabender Automatic. Micro Hardness Testerによ
る穀粒粉砕時間（Kernel grinding time）（Miller et
al.  1981、Matus-Cadiz et al.  2003）など、原粒を
搗精または粉砕する方法の硬軟質性判定法として用
いられてきた。近年では、全粒粉を用いるParticle
size index（Symes  1963、Williams and Sobering
1986）、原粒を用いるSingle-kernel characterization
systemの硬度指数（Hardness index）（Gaines et
al.  1996、Pearson et al.  2007）が主流で、これら
の判定法はアメリカ穀物科学者協会（AACC）の公
定法としても採用されている（Approved methods
of the AACC. Method 55-30、55-31）。また、Seed
Scarifierによる摩滅抵抗指数（Abrasion resistance
index）（Liu  2008）、近赤外分光分析法による検定
法（Hong et al.  1989、Manley et al.  2002、



























































































































































Fig.2 Grains（left）and grains crushed using Grain Crusher（right）in the wheat lines with different
grain texture.
Nonwaxy / Hard Nonwaxy / Soft Nonwaxy / Hard Nonwaxy / Soft







Fragment size and cross section
color of grinded grains using
Grain Crusher
Table 1 Criteria of kernel hardness and grain 
hardness score using Grain Crusher（hand-
operated grinder）. 
Many large fragment and white 
cross section color
2Segregation Mixture of various fragment size and various cross section color
Almost small and middle fragments, 





































































































































































































































































































































































































































Haruyutaka＊, Kitamiharu 60＊, Glenlea＊, Grandin＊, Victoria INTA＊, Wildcat＊, 
Mochihime＊＊





Aobakomugi＊, Koyukikomugi＊, Tohoku 205（Haruibuki）＊, 











Samples in 1997 crop year.＊：From Ikeda et al. （2005）,  ＊＊：From Taniguchi et al. （2008）.
Grain hardness score：1=Soft, 3=Hard. 
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Wheat grains were grinded by  the Grain Crusher. Weight percentage of grinded wheat grains=100× （the 
weight on each sieve） / （total weight）. 
Different letters above the bars （standard deviation） indicate a significant difference at P<0.05 between four 
means at each opening of sieve （Tukey’s HSD）.
Fig. 3 Distribution of weight percentage of grinded wheat grains on each sieve by sifting using the 


















surface area of 60% extraction flour）またはA粉比

































































































Fig. ４ Relationships between grain hardness score 
and speciﬁc surface area of 60% extraction 
ﬂour （A） or A ﬂour （B） in the nonwaxy or 
waxy lines.
Note. Grain hardness scores were classiﬁed using Hand 






















































































































































































































































Table 4 Percentage of ﬁtness between grain hardness score and kernel hardness classiﬁcation by 
speciﬁc surface area of 60% extraction ﬂour of Buhler Laboratory Mill in the breeding lines and 






Breeding lines and cultivars of the National Agricultural Research Center for Tohoku Region. Fall sowing. 
Lines and cultivars of the performance test for recommended varieties at each prefectural agricultural 
experiment station in the Tohoku and Hokuriku districts of Japan. Fall sowing.
1：Soft, 2：Segregation, 3：Hard. （by Grain Crusher）
Kernel hardness classiﬁcation by speciﬁc surface area of 60% extraction ﬂour: hard  2300㎠/g>, segregation 
2300－2500㎠/g, soft 2500㎠/g<
Kernel hardness classiﬁcation by speciﬁc surface area of 60% extraction ﬂour.
Nonwaxy：hard  2300㎠/g>, segregation 2300－2500㎠/g, soft 2500㎠/g<












































































































































Table 5 Percentage of ﬁtness between grain hardness score and kernel hardness classiﬁcation by speciﬁc 







Breeding lines and cultivars of the National Agricultural Research Center for Tohoku Region. 
1：Soft, 2：Segregation, 3：Hard. （by Grain Crusher）
Kernel hardness classiﬁcation by speciﬁc surface area of A ﬂour: hard  2300㎠/g>, segregation 2300－2500㎠
/g, soft 2500㎠/g<
Kernel hardness classiﬁcation by speciﬁc surface area of A ﬂour: 
Nonwaxy：hard  2300㎠/g>, segregation 2300－2500㎠/g, soft 2500㎠/g<

























Fig. ５ Percentage of ﬁtness between grain hard-
ness score and kernel hardness classiﬁcation 




All samples in 1997～1999 crop year.
Kernel hardness classiﬁcation by speciﬁc surface 
area of A ﬂour： 
Nonwaxy：hard  2300㎠/g>, segregation 2300－
2500㎠/g, soft 2500㎠/g<
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Fig. ７ Relationships between speciﬁc surface area 
of A ﬂour and A ﬂour rate in the nonwaxy 




Kernel hardness was classiﬁed using Hand 
Crusher.
The samples were milled with Brabender 
Quadrumat Jr. Laboratory Mill. 
A ﬂour rate= （100×A ﬂour weight） / （A ﬂour 
weight＋B ﬂour weight）
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Fig. ６ Relationships between speciﬁc surface area 
of 60% extraction ﬂour and B/M ratio in the 





Kernel hardness was classiﬁed using Hand 
Crusher.
The samples were milled with Buhler Labora-
tory Mill. 
B/M ratio= （100×break ﬂour weight） / mid-
dling ﬂour weight
＊＊indicate signiﬁcance at P<0.01.
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る60%粉の比表面積、粒度分布中央値（Middle











































































































































Breeding lines and cultivars of the National Agricultural Research Center for Tohoku Region. 
Score using Grain Crusher.＊ and ＊＊ indicate signiﬁcance at P<0.05 and P<0.01, respectively. 























































































ある（Ikeda et al.  2005）。以上の報告から、東北
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